Abstract
Introduction

29
Hemispheric variations in the seismic properties of Earth's inner core (e.g. to compositional density variations, although it is unclear whether the in-41 stability would persist to the present day (Gubbins et al., 2013; Labrosse, ity on convection in the outer core, and whether this influence is detectable 74 in the geomagnetic field, given the presence of strong CMB heterogeneity.
75
Due to the dynamic nature of core convection, the influence of heteroge-76 nous boundary conditions at either the ICB or CMB are more likely to be 77 apparent in long timescale averages of the magnetic field, rather than in in-78 stantaneous snapshots. Therefore, we will consider both the characteristic 79 structure of the ICB-driven signature, as well as the timescale over which it 80 would be observed in the geomagnetic field. Of course, it is possible for a 81 given ICB heterogeneity to have an observable signature that is in contradic-82 tion with the observed character of the Earth's magnetic field. Therefore, we 83 also consider how well the models with different ICB heterogeneity strengths 84 match observed characteristics of the modern field and its secular variation.
85
To do this we makes use of existing measures of global field structure (Chris- 
Numerical Simulations
90
We investigate the influence of CMB and ICB thermal heterogeneity in 91 numerical geodynamo models that solve the magnetohydrodynamic equa- 
213
We compare the structure of the magnetic fields produced by our models 214 to that of the Earth using the criteria devised by Christensen et al. (2010) .
215
The first criterion (AD/NAD) is a measure of the field's relative axial dipole 216 power,
217
AD/NAD = P 1,0
where a is the radius of the Earth, c the radius of the CMB, and the power at 218 a given degree depends on the Gauss coefficients g n,m and h n,m and is defined
The second criterion (O/E) is a measure of the field's equatorial symmetry, 
where < ... > indicates the mean value over the area of integration, in this 228 case the whole of the CMB. each characteristic (σ i ), and defined by a chi-squared misfit for each measure
The model agreement with the gufm1 characteristics are deemed to be excel- 
238
The evolution of the misfit between the dynamo models and the char- We divide the CMB into 'high-latitude quadrants' bounded by the 0
• and 274
180
• lines of longitude, the north/south pole and the 30
• lines of latitude.
275
Within each quadrant we evaluate the Christensen flux concentration factor 276 (FCF) and the total integrated flux
For both FCF and F the field is truncated at spherical harmonic degree eight, 
where Q * stands for the relevant quadrant value. These measures of hemi- clearly visible in the evolution of FCF * in the relevant quadrants.
318
We are particularly interested in the hemispheric balance of the field, balanced between eastern and western hemispheres (red square, panel c).
328
We also consider the evolution of the hemispheric distribution of flux ern quadrants is more than four times greater than in the eastern quadrants.
354
For our simulations, model W has the average hemispheric balance that is 355 most similar to that of gufm1; as q * i is increased in the models there is an 
Secular Variation
367
We also compare our dynamo models to the pronounced quiet Pacific given region as
where the time derivative of the radial field is evaluated on the CMB. For 
This measure is zero when ρ SV is equal within and outside the Pacific, is 379 bounded by ±1, and is positive/negative when the Pacific is noisy/quiet.
380
We evaluate the average and standard deviation of H ρ over the duration 
393
The modern magnetic field, as described by the CHAOS4 model, clearly 
418
In figure 6 we consider the overall match of our simulations to the observed 
460
The field and SV characteristics of all three dynamo models vary con- 
496
The time variability of the generated field in all of our simulations means 497 that they often depart from both the field and SV characteristics of gufm1.
498
We find that heterogeneous ICB forcing is not required for our simulations to 
496.
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